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INTRODUCTION 
Infrared and Raman Theory 
Nonlinear molecules require three coordinates to specify the 
position of each atom in a three-dimensional (x, y, z) coordinate system. 
If the molecule is treated as a distinct unit, translation of the center 
of gravity to any point on the x, y, z coordinate system can be described 
with three coordinates. Rotation of the molecule as a whole about the 
center of gravity can be described by three angular coordinates 
specifying rotation about three mutually perpendicular axes intersecting 
at the center of gravity. If the molecule contains N atoms, then 3N 
coordinates are required and the molecule has 3N-6 degrees of freedom to 
describe vibrational motion of the molecule. Therefore, nonlinear mole¬ 
cules have 3N-6 normal modes or fundamental vibrations. 
In order for a normal mode of vibration to be infrared active, 
there must be a change in the dipole moment of the molecule as it vibrates. 
The dipole moment of a molecule separated with a positive charge, +z, 
and a negative charge, ~z, separated by a distance, r, is equal to the 
magnitude of either charge multiplied by the distance: 
u = zr 1.1 
Theoretical Diatomic Linear Harmonic Oscillator 
During the vibration of a molecule, the internuclear distance, r, at 
any time from the equilibrium distance, r , is Ar. If it is assumed that 
the molecule behaves as a simple harmonic oscillator, the restoring force, 
f, is proportional to r. 
f = -kAr -i o 
1 
2 
The proportionality constant k is the force constant. The force at a 
given point is also equal to the negative derivative of the potential 











The variation of the potential energy with Ar is given by integrating 
Eq. 1.4. 
Ur = 1/2 k (Ar)2 
For a harmonic oscillator, the frequency of oscillation or vibration 
is independent of amplitude and frequency of oscillation and can be 
derived for diatomic molecules. The resulting Hooke's law frequency is^ 
1 nr 1 
v1 = — 0  or v:i — 
2 y 2 TTC^ 
where v' is the frequency of the vibration in cycles per second, v is 
the frequency of the cm"^, k is the force constant in dynes per centime¬ 
ter, c is the velocity of light and y is the reduced mass of the vibrating 
atoms 
(1/y) = (l/m-|) + (l/m2) 
where m-j and m2 are the masses of the vibrating atoms. 
A quantum mechanical treatment of the linear harmonic oscillator gives 
Evib 
= (v + 2") hcv0 1.6 
where Evib is the vibrational energy, V is the vibrational quantum number 
which has values of 0, 1, 2, 3, etc., vQ is the fundamental vibrational 
frequency in cnH, and h is Planck's constant. 
3 
If the harmonic oscillator energy (Eq. 1.6) is determined for V=0 
and V=1 
E
vib = (V + l/2)hcv0 = l/2hcv0 for V = 0 1.7 
= 3/2hcv0 for V = 1 1.8 
The energy difference between Eq's 1.7 and 1.8 is equivalent to the 
energy of the infrared photon whose frequency is vQ in cm"
1. Thus, 
Evib = or vo = (“■') !-9 
This photon is absorbed as the molecule is excited from the ground state 
V = 0 to the first excited state V = 1. Since actual vibrations of mole¬ 
cules are anharmonic, Eq. 1.6 must be modified, the vibrational energy 
level being given by 
Evib 
= hctVv + 1/2) - Xvo(V + 1/2)2 + 1J0 
where X is the anharmonicity constant. The values of X vary from 0.01 
to 0.05 for single bonds. Because of anharmonicity, the spacings between 
higher energy levels is decreased as the vibrational quantum number 
increases and V = 1->V = 2 transitions give slightly lower frequencies of 
absorption than V = 0*V = 1 transitions. Transitions to levels other 
than adjacent ones (AV^I) therefore result in overtones at slightly less 
than twice the fundamental frequencies. Combination bands which are the 
result of interaction of two or more fundamental vibrations may also 
occur (e.g., v^+v^). 
O 
In the Raman effect, electromagnetic radiation is scattered by a 
molecule with a corresponding change in the frequency of the electromag¬ 
netic radiation. The radiation is usually monochromatic. The incident 
electromagnetic wave causes the molecule to undergo a transition from 
4 
state m to state n and a photon is scattered with lower (or higher) 
frequency given by 
vQ = [En - EM]/h 1.11 
The Raman lines scattered at lower frequency than the incident radiation 
are called Stokes lines and those at higher frequency, anti-Stokes. 
These frequencies are also called shifts and are designated Av in crrH. 
In order for a molecular vibration to be Raman active in Raman 
scattering there must be a change in the "induced" dipole moment of the 
molecule resulting from a change in the polarizability of the molecule. 
If the vector of the electric force of incident/electric field is 
represented by E and T represents the induced dipole moment oriented 
parallel to the direction of E 
"y = aE 1.12 
where a is the polarizability of the molecule. 
The varying electric field of a light wave is given by 
E = EQ sin2-rrv11 1.13 
where Eq, the amplitude, is the maximum value of the field, t is the 
time and v1 is the frequency in sec"^. Certain vibrations and rotations 
cause a to vary. Since the shape of the electron cloud is different at 
the extremes of the vibration, a change in the polarizability of the 





where aQ is the equilibrium polarizability, Ar is the difference between 
the internuclear distance at any time and the equilibrium internuclear 
distance and 9a/(Ar) is the rate of change of the polarizability with 
respect to Ar, for harmonic motion 
Ar = a sin 2TTV t 1.15 
x 
where v' is the vibrational frequency (sec"l), a is a constant, the maxi- 
A 
mum value of Ar, and t is time. Equation 1.9 can now be written as 
3a . i 
a = a- + —-, r 3 Sl'n 2TTV t 1.16 0 3(Ar) X 
Substituting this value of a into Equation 1.12 gives 
3a 
y = a-^. sin 2irv't + aErt 0  0 3(Ar) 
sin 2-irv^t (sin 2irv't) 1.17 
and 
y = “QEQ sin 2TTV't. 
a^ 3a 
2 3(AT) Cos 2TT(V - V )t-COS 2 (v +v ■] 
X X 18 
The induced dipole moment varies with three component frequencies 
v' , v1 - vx and v‘ + v'x which give rise to Rayleigh, Raman stokes and 
Raman anti-stokes frequencies respectively. The Raman frequencies depend 
on —anc| the Rayleigh frequencies depend on a_. s(Ar) u 
3 
The Atomic Radius of Carbon 
Vibrational frequencies of C-X, where C = carbon and X = any atom, 
are dependent on the atomic radius of the carbon atom which is dependent 
on: (1) changes in the hybridization of the carbon atom and (2) the 
shortening effect of u-electrons. 
6 
The contribution of the carbon atom to the single bond can be 
estimated for the hybridized 2s and 2p wave functions by 
ÿ(A) 
1.19 
where x = coefficient of mixing of the 2s and 2p wave functions. 
Lambda values for some molecules of interest are 
100% S 50% S 33 1/3% S 25% S 0% S 
pure s acetylene ethylene ethane pure p 
x o j""î 12 ~ rr 
The hybridized orbitals have different degrees of projection along the 
0 
x-or bonding axis. The atomic radius varies almost linearly with xc 
(valid for small values of A only). Therefore, if either value is known, 
the other can be determined from Fig. 1. 
The geometric arrangement of the groups about the carbon atom in a 
particular valency state is determined by the hybridization of the car¬ 
bon atom. A saturated sp^ carbon atom, for example, has a tetrahedral 
arrangement. A planar trigonal sp2 (olefinic) carbon atom has only one 
£ and two £ orbitals involved for hybridization, therefore an increase 
in the £ character of one bond must be compensated for by an increase in 
the £ character of another bond. An ^-orbital is spherical and generally 
shorter than £-orbitals which are cylindrically symmetric, so that changes 
in the proportion in which they are mixed results in changes in the bond 

















Fig. 1. Atomic radius of carbon in terms of the coefficient of 
mixing X in atomic hybrid orbitals.* 
* C. A. Coulson, Victor Henri Commemorative Volume, Desaer Liege., 
1948, p. 15 (Belgium). 
LITERATURE REVIEW 
Saturated cyclic compounds have characteristic frequencies which 
arise from ring deformations. The most characteristic of these is the 
ring-breathing frequency which is inactive in the infrared region of 
the spectrum but is usually very intense in the Raman spectrum and 
can be recognized by its high degree of polarization. 
Numerous articles concerning the infrared active vibrational 
frequencies of strained-ring compounds have appeared in the literature.^ 
Very little has been reported concerning near-infrared or Raman activity 
of these compounds. 
The infrared active C-H stretching frequencies of nine cyclo¬ 
propanes have been reported by Washburn and Mahoney.^ It was observed 
that these compounds have three characteristic absorption bands. The 
first band is near 3080 cm-^. This band is believed to be the result 
of a C-H stretching vibration. The second band, between 4505 and 4405 
cm“^, is a combination band and the third band, between 6125 and 6060 cm-"', 
which is about five times as intense as the one at 3080 cm-"*, was assigned 
as the first C-H overtone. 
Simmons et al.^ measured the C-H stretching frequencies of one 
hundred cyclopropanes and found that all of the compounds except cyclo¬ 
propane have a characteristic absorption band in the 3090 cm“^ region. 
They also observed three other characteristic absorption bands near 4545, 
6250 and 1020 cm"^. These three frequencies were assigned as a combina¬ 
tion band, the first C-H overtone and a ring deformation respectively. 
8 
9 
12 -1 Dollis et al. report a ring breathing frequency of 1188 cm in the 
Raman spectra of cyclopropane and between 1220 and 1200 cm-1 in mono- 
substituted alkyl cyclopropanes. 
The C-H first overtone frequencies of fifty-eight cyclopropanes 
have been measured by Gassman and Zlar.^ The overtone frequencies were 
found to be a function of the inductive effect of substituent groups. 
These compounds had characteristic absorption bands in the 6158 to 
6142 cm-l region. 
Fundamental frequencies of cyclobutane have been measured using 
infrared and Raman techniques. The C-H antisymmetric stretching 
frequencies were observed at 2987 and 2953 cm"^. The ring breathing 
frequency was located at 1001 cnT^ in the Raman spectrum. No near- 
infrared data have been reported. 
Characteristic infrared vibrational frequencies of cubane (Fig. 2) 
-1 14 have been reported at 3058, 1232 and 852 cm by Cole and Eaton. 
Neither near-infrared nor Raman frequencies have been reported previously. 
It is our intention to make frequency assignments for the fundamental 
or normal modes of cubanes and possibly other modes based on data 
gathered during this study plus prior knowledge of infrared and Raman 
selection rules, group theory and knowledge that molecular functional 
groups possess characteristic vibrational frequencies. The location of 
these frequencies will be discussed in terms of bonding, bond strength, 
and hybridization of the carbon-hydrogen bond. Compounds which were 
investigated are cubane and cubane derivatives. Cyclobutane and 
cyclobutyl derivatives were studied for comparative purposes. 
10 
Fig. 2. Structural Diagram of Pentacyclo Octane 
where: (1) Cubane, R=H, R'=H; (2) Cubanecarboxylic acid, 
R=C00H, R'=H; (3) Cubane Diester, R=C00CH3, R'=C00CH3. 
EXPERIMENTAL 
Infrared spectra were obtained using a Beckman IR-5A Spectrophoto¬ 
meter and calibrated against the 6.24 y band of a polystyrene film. 
Spectra of cyclopropylcarbinol were obtained of the sample neat and as 
a 1.0 M carbon tetrachloride solution. Cyclobutanecarboxylic acid was 
also measured neat and as 0.5 and 1.0 M carbon tetrachloride solutions. 
The cubanes were treated as follows: (1) cubanecarboxylic acid - KBr 
pellet and 1.0 M CCI4 solution and (2) cubane diester - KBr pellet and 
carbon tetrachloride solutions of unknown concentrations. 
Near infrared spectra in the range from 600 to 2600 my were recorded 
using a Coleman Model EPS-3T Hitachi spectrophotometer equipped with a 
quartz prism and PbS optics. Spectra were recorded of 0.5 and 0.13 M 
carbon tetrachloride solutions of cyclopropylcarbinol, 0.5 and 1.0 M 
carbon tetrachloride solutions of cyclobutanecarboxylic acid, and 0.5 
and 0.13 M solutions of cubane diester. 
Raman spectra in the range from about 50 to 3500 cm-^ were recorded 
using a Jarrell Ash Model 500 Laser Raman Spectrophotometer with a double 
monochromator. The radiation source was a Coherent Radiation CRL-54 
Argon ion laser for the spectra of cubanecarboxylic acid, cyclopropyl¬ 
carbinol and cyclobutanecarboxylic acid and a CRL-5 laser for cubane 
diester. The operation of this instrument is described in the Jarrell 
Ash Model 500 Laser Raman Spectrometer Operation Manual. The lasers 
are described in the Coherent Radiation CRL-54 and CRL-5 Instruction 
Manuals, respectively. Spectra of cyclopropylcarbinol and cyclobutane¬ 
carboxylic acid were recorded neat using the single pass liquid cells. 
11 
12 
Depolarization measurements were made for these compounds. Spectra of 
cubane, cubanecarboxylic acid and cubane diester were recorded of powders 
in capillary tubes. 
The cubane and cubanecarboxylic acid were prepared by Dr. T. W. Cole. 
Cubane diester samples were prepared by Miss Lily Lim of the Atlanta 
University Chemistry Department and by Mr. Asa Yancey of the Morehouse 
College Chemistry Department. The preparation of these compounds has 
been described by ColeJ^ 
RESULTS AND DISCUSSION 
Cubane is a highly symmetrical molecule which belongs to the cubic 
0^ symmetry group. The molecular vibrations for cubane have been 
determined by group theoretic analysis. 
2A1g(a) + 2Eg(°0 + Tlg + 4T2g(a) 
2.1 
+ 2A2U + 2EU + 3Tlu(ir) + 2T2u 
where (a) and (ir) refer to Raman and infrared active vibrations, respec¬ 
tively. This treatment predicts 3 infrared and 8 Raman active vibrations, 
plus 7 silent or inactive vibrational frequencies. There are a total of 
eighteen vibrational frequencies with no coincidences (mutual exclusion) 
of infrared and Raman activity for the same vibration. 
Infrared spectra were recorded of solid cubanecarboxylic acid and 
cubane diester as shown in Fig. 3 and 4 respectively. Solution (carbon- 
tetrachloride) spectra have been reported by ColeJ^ The infrared active 
frequencies are listed in Table 1. 
Infrared spectra of cyclopropyl carbinol and cyclobutanecarboxylic 
acid were recorded for comparative purposes. These spectra are not 
shown. However, the experimental data is reported in Table 1. These 
frequencies agree well with those reported in the literature. Cyclo¬ 
propane and cyclobutane infrared active vibrational frequencies are also 
reported in Table 1. 
The fundamental infrared active vibrations of cubane in the gas 
phase occur at 3058, 1232 and 853 cm-1 as shown in Fig. 5. As predicted 
13 
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Fig. 3. Fundamental infrared active vibrations of cubanecarboxylic acid in carbon tetrachloride 
solution. 
en 
. Fundamental infrared active vibrations of cubane diester in carbon tetrachloride solution. Fig,.. 4 
Table 1. Infrared Frequencies cm' * 
Cyclopropane1 Cyclobutane2 Cubane3 Cyclopropyl 



























Cyclobutane** Cubane Cubane 
Carb. Acid Carb. Acid Diester 
694(b) 
840(w) 840(b) 
917 909(w) 912(w) 
943(b) 




1220(m) 1220(w) 1223(s) 
1258(m) 1235(m) 
1290(w) 
1333(w) 1316(m) 1325(s) 
1429(m) 1408(m) 1433(m) 





Table 1. (Continued). 
Cyclopropane1 Cyclobutane^ Cubane3 Cyclopropyl 







2258 2857(m) 2857(sh) 2841(sh) 2817(sh) 
2358 2898(m) 
2397 2941(s) 2986(s) 
2441 2982(m) 
2577 2992(m) 2985(m) 2985(sh) 2985(m) 
3090 2680 3002(m) 
2715 3058(s) 3090(s) 3077(sh) 
2760 3333 3077(sh) 
2985 4202 4166 4149 
3130 4347 






6250 6024 5813 5814 
6944 6800 6897 
7752 
8457 8333 8475 
* The relative intensities are given by s, m, w, b and sh, which refer to strong, medium, weak, broad and 
shoulder, respectively. 
** Carb. = carboxylic 
1. J. L. Duncan and D. C. McKean, J. Mol. Spectros., 27, 117 (1968). 
2. G. W. Rathgens, Jr., N. K. Freeman, W. D. Gwinn and K. S. Pitzer, J. Amer. Chem. Soc., 75, 5634 (1953) 
3. T. W. Cole and P. E. Eaton, ibid., 86, 3157 (1964). 
Fig. 5. Fundamental infrared active vibrations of cubane in the gas phase 
19 
by the group theoretic analysis, there are only three prominent peaks 
present in the spectrum. The absence of more active infrared vi¬ 
brational frequencies results from the high symmetry of cubane as 
mentioned previously. The three frequencies that are active are thought 
to be the three T-| motions of cubane and are assigned as the anti¬ 
symmetric CH stretch, CCH bend and skeletal bend respectively. 
Additional motions such as combinations and overtones are not observed 
because the pressure of cubane is only 10 mm of mercury at room tempera¬ 
ture. The experimental arrangement was confined to use of a 10 cm path 
infrared gas cell. 
The structure demonstrated by the three infrared active vibrational 
frequencies of cubane gives evidence of strong coriolis interaction. 
The coriolis interaction for spherical tops is discussed at great length 
16 17 by Edge!1. This subject has been further developed by Levin. In 
these references, equations are developed which account for the separa¬ 
tion of P and R branches of the low frequency and high frequency 
infrared satellites which surround the cubane structure Q branch in the 
spectra of Fig. 5. 
The moment of inertia of cubane is approximately 232.4 x 10"^ 
grams x cm^. This value produces a rotational constant, the only rota¬ 
tional constant for this spherical molecule, which has a value of 0.12 
cnf\ This implies^ that the rotational fine structure of the cubane 
spectrum should have a maximum value of 0.2 cm"^. 
The zeta, coriolis coupling constants, for cubane are in the range 
of approximately -0.06 to -0.76. Thus, the gas phase spectra appears 
to be entirely consistent with the early work reported by Cole and 
20 
Eaton and with the predictions of the group theoretic analysis. The 
general contour or band shapes in Fig. 5, are consistent with the pre¬ 
sence of strong rotation-vibration interaction in the gas phase spectrum 
of cubane. 
The average C-C-C bond angles of cubane, cyclobutane and cyclo¬ 
propane are 89.6°, 90° and 60° respectively, as shown in Table 2. The 
calculated C-C and C-H hybridization for cubane, cyclobutane and cyclo¬ 
propane are sp3-37, sp2,19; sp3*38, sp2-68; and sp3-69, sp2’^9 respectively 
(Table 2). 
The C-H and C-C bond lengths for cubane cyclobutane and cyclopropane 
O 
are also listed in Table 2. The C-H bond length (1.060 A) of cubane is 
O 
slightly shorter than that of cyclobutane (1.09 A) as would be expected 
since the C-H bond contains more p (lengthening) character. The C-H bond 
of cubane, therefore, has 31% S character as compared to the C-H bond of 
cyclobutane which has only 27% S character. This increase in S charac¬ 
ter accounts for the shorter bond length which leads to the slightly 
higher C-H stretching frequency in cubane. 
The near infrared spectra of cubane monocarboxylic acid and cubane 
diester were recorded. However, only the diester spectrum is presented 
as shown in Fig. 6. Data from this spectrum are presented in Table 1. 
The infrared active vibrational frequencies of cubane diester 
occurring at 2985(m), 1724(s), 1235(s), 840(b), and 5813 have been 
assigned as the C-H stretch, C=0 stretch, C-H bend, ring deformation 
and the first C-H overtone, respectively (Table 3). 
The electron attracting carboxyl and ester groups are generally 
expected to attract the electron density away from the carbon atom to 
Table 2. Molecular Parameters of Some Cyclic Alkanes 
Molecule Bond 
 T3  
Character 
Bond Angle 
CCC HCH HCC 
Bond o 
Length A 
spn' - spnJ 
Hybridization 
Cyclopropane C-C 22.6 60.0° 116.5°+ 1.514+ 3.69 - 3.69* 
CH 32 1.082+ 2.49* 
Cyclobutane C-C 24.7 90.0° 114° 1.548# 3.38-3.38* 
C-H 27 1.092# 2.68 











> o 1.551 3.37-3.37* 
C-H 31 1.060 2.19* 
+ J. L. Duncan and G. R. Burns, J. Mol. Spectros., 30, 253 (1969). 
* K. Kovdcevic and Z. B. Maksic, J. Org. Chem., 39 (4), 539 (1974). 
f E. B. Fleischier, J. Amer. Chem. Soc., 86, 3889 (1964). 
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Fig. 6. Near infrared spectrum of cubane diester. 
no 
no 
1800 2000 2200 2400 2600 m/i 
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Table 3. Proposed Assignments of the Fundamental Infrared Vibrational 







OH Stretch 3077 
C-H Stretch 3058 2992 2986 2985 
CO Stretch (Carbonyl) 1675 1728 
C-H Bend 1232 1235 1220 1223 
Ring Deformation 852 852 840 840 
24 
which it is attached, creating a partial positive charge on the carbon 
atom. The positively charged carbon atom attracts electrons making it 
more s in character, and causing an increase in the C-H stretching 
frequency. 
The bands at 3077(sh), 2986(s), 1675(s), 1220(w), and 5813 cm"1 in 
the infrared and near-infrared spectra of cubanecarboxylic acid have 
been assigned as the OH stretch, the C-H stretch, the C=0 stretch, the 
C-C-H bend, the cube deformation and the first C-H overtone, respectively. 
Raman frequencies have been measured for cubane, cubanecarboxylic 
acid and cubane diester (Fig. 7-12). The carboxylic acid spectrum is 
not presented. However, data is presented in Table 4. 
By measuring the depolarization ratios of all Raman lines in a 
pure liquid sample, it is possible to unambiguously assign lines due 
to symmetric modes of vibrations. Multiple internal reflections of 
crystals in polycrystalline samples prevent the use of depolarization 
measurements in those samples, since the radiation is depolarized to 
an unknown and unpredictable extent by the disordered crystalline state 
and the geometry of the sample holder. 
The depolarization ratio is defined by 
hi 
where is the intensity of the line with the incident radiation 
polarized parallel to the direction in which the analyzer passes the 
maximum amount of radiation and 1^ is the intensity of the line with 
the incident radiation polarized perpendicular to that direction 







 J V  
Fig. 7. Raman spectrum of cubane. 
Fig. 8. Prominent peaks in the Raman spectrum of cubane. 
27 
1500 1000 500 
Fig. 9. Raman spectrum of cubane diester in the region 200 to 
approximately 1850 cm-1. 
28 
Fig. 10 Raman spectrum of cubane diester in 
the region 2800 to 3350 crrH. 
29 
Fig. 11. Raman polarization measurement of cubane in 
the 900 to 1000 cnrl region. The top figure 
represents parallel orientation of the analyzer 
with respect to the polarizer and the bottom 
represents perpendicular orientation. 
30 
Fig. 12. Raman polarization measurement 
of the CH stretch region of a 
partially melted sample of 
polycrystalline cubane. 












928 912 ( s ) 926(s) 
995(sh) 1000(s) 
1003 1002(s) 














763(m) 767(w) 736(w) 
848(s) 
870(m) 892(m) 863(s) 
930(s) 912 ( s h ) 
962(w) 958(w) 




Table 4. (Continued). 
Cyclopropane^ Cyclobutane^ Cubane Cyclopropyl 
Carbinol 

























Table 4. (Continued). 









3039(s) 3035(w) 3105(w) 
*Relative intensities are given by s, m, w, b, and sh which refer to strong, medium, weak, broad and 
shoulder, respectively. 
1. A. W. Baker, and R. C. Lord, J. Chem. Phys., 23, 1636 (1955). 
2. G. W. Rathgens, N. K. Freeman, W. D. Gwinn and K. S. Pitzer, J. Amer. Chem. Soc., 75, 5634 (1953). 




p =  for plane polarized radiation and 
a + 4g 
63 
p =  for natural incident radiation 
a + 73 
The depolarization ratio for a sample illuminated by a laser has 
a maximum theoretical value of p is 0.75 for plane polarized incident 
radiation. A line having this value arises from non-symmetric vibra¬ 
tions and is said to be depolarized. Lines with a depolarization ratio 
of less than 0.75 are said to be polarized and arise only from totally 
symmetric vibrations. 
The upper drawing of Fig. 11 refers to a condition with the 
analyzer oriented parallel to the polarizer. It may be observed that 
the peak at 1000 cm"^ is of greater intensity than the one at 914 cm~^. 
The lower drawing of Fig. 11 refers to a condition with the analyzer 
oriented perpendicular with reference to the polarizer. It should be 
noted that in the lower figure, there is a reversal of the intensity of 
1000 and 914 cm~^ peaks. This reversal of intensity is an indication 
that the 1000 cm”^ peak has a higher degree of polarization than the 
914 cm"ï peak. This reversal, in part, supports the assignment of the 
1000 cm~^ cubane frequency to the totally symmetric A-jg cube breathing 
vibration. 
The data of Fig. 12 refer to the 2990 cm"! range for a partially 
melted sample of polycrystalline cubane. With reference to polarization, 
the peak at 2990 cm"l shows a higher intensity when the analyzer is 
parallel to the polarizer. The 2990 cm"^ peak shows greater attenuation 
when the analyzer is crossed with respect to the polarizer as shown by 
the heavy solid line in Fig. 12. Of the two peaks present, it appears 
clear that the high frequency peak at 2990 cnT^ is polarized and must 
35 
be the totally symmetric (A-]g) CH stretch and the 2964 cm"
1 peak is the 
remaining asymmetric C-H stretching frequency (Î2g). 
It is of some interest to note that the 2964 cm"1 peak which 
appeared in Fig. 12 is a singlet in the liquid sample and is a doublet 
in a sample presented in Fig. 7. It is felt that this splitting, which 
would give rise to a third C-H stretching frequency or an unlikely com¬ 
bination band or an overtone is due to a reduction in the site symmetry 
of the polycrystalline cubane sample. As shown in Fig. 7, the C-H 
stretching region contains a doublet, the low frequency component of which 
is located at 2960 cm"1. An analysis of the expected group vibrations in 
the cubane spectrum demonstrates that only 2 C-H stretching frequencies 
are expected in the Raman spectrum of cubane. It is further unexpected 
that any combinations or overtone frequencies would very likely occur 
in this region. Thus, the presence of three bands in the polycrystalline 
spectrum of cubane requires a reasonably detailed explanation. 
The crystalline symmetry of cubane has been determined by 
Fleischer.1® It was determined in this work that the space group 
symmetry for cubane is R3. This results in the general lowering of the 
spherical symmetry of cubane from the 0h molecular group to a correlating 
space group R3. It may be shown that the symmetry of each cubane 
molecule in the polycrystalline sample is thus reduced to the site 
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group C3. In this site group, the Raman frequency expected for cubane 
may produce additional components of the degenerate molecular frequencies 
that would be caused by the lower symmetry. In the previous discussions, 
we have used polarization data to suggest that the lower of the frequencies 
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in the C-H stretching region is the asymmetric C-H stretching motion 
(T2g). A group theoretic analysis may be applied to demonstrate that 
the T2g frequency in the site group C3 could split into two components. 
One of these components has the symmetry A under C3, and the other 
component is degenerate with symmetry E under the group C3. 
That these two components in the C-H stretch region are likely 
site splittings is further verified by the fact that when cubane is melted, 
the splitting into two frequencies vanishes and the two merge into a 
single frequency. 
Raman active vibrational frequencies of cubane diester occurring 
at 2951, 1728, 996 and a doublet at 863 and 848 cm"^ can probably be 
assigned to the symmetric CH and CO stretches and the symmetric cube 
deformation, respectively. 
Several problems were encountered in recording and interpreting 
the infrared and Raman spectra. One of the most severe problems encountered 
was assignment of several intense lines in the lower frequency range of the 
Raman spectra of the solid compound. These lines, occurring near 220; 
doublet 352, 380; doublet 528, 561, 737; and doublet 1040 and 1051 cm-^, 
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have been described by Loader and are of the same relative intensities. 
These lines are attributed to spurious emissions of the laser plasma. 
These "plasma lines" are characteristic of the frequency of the excita¬ 
tion radiation and of the type laser (argon, helium, neon, etc.). 
The occurrences of a line of relatively high intensity near 2175 
cm"l in the spectra of a few of the cubane derivatives has also caused 
concern. This line, however, doesn't correspond to a plasma line and 
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can possibly be attributed to the symmetric C-C-C=C stretch of dialkyl 
acetylenes or some other acetylenic compounds. The simplest photochemical 
decomposition of cubane by the laser radiation would probably yield four 
moles of acetylene per mole of cubane. The acetylene compounds might 
also be highly reactive and produce a variety of derivatives. However, 
since the C-C-H bending the C-H stretching frequencies at 626 and 3332 
cnH do not occur in the Raman spectra, the question of decomposition has 
yet to be completely resolved. 
We wish to point out in conclusion that this thesis is not meant 
to be a comprehensive examination of all of the infrared and Raman active 
vibrational frequencies of cubane and we have therefore restricted 
ourselves to the more common or characteristic fundamental vibrations. 
Our principal interest has been in assignment of the symmetric and 
antisymmetric C-H stretches, the symmetric "ring breathing" vibrations, 
the antisymmetric ring deformations and the C=0 (carbonyl) and 0-H 
stretches where applicable. The less characteristic frequencies remain 
to be assigned by the use of force field calculations or other means. 
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